InTRODuCTIOn
Atrial fibrillation (AF), the most common type of arrhythmia, affected an estimated 3.03 million people in the USA in 2005. 1 An important risk factor in stroke, AF increases the risk of stroke fivefold across all ages. 2 Stroke is more severe in patients with AF and is associated with greater functional disability and mortality relative to patients without the condition. 3 As a result, patients with AF have been shown to have higher stroke-related healthcare costs compared with patients without AF. 4 Stroke prevention is central to the management of AF. 5 Clinical studies have shown that oral anticoagulation (OAC) therapy
Strengths and limitations of this study
► Large and representative sample, drawn from one of the largest national commercially insured/Medicare Advantage populations in the USA, representing over 40 million enrollees and providing significant follow-up time. ► A study time period that included the introduction of the non-vitamin K antagonist oral anticoagulants onto the market. ► The study results may not be generalisable to individuals not having US commercial/Medicare Advantage insurance or uninsured populations. ► Administrative claims data did not have information on over-the-counter medications such as aspirin.
Open access substantially reduces the risk of stroke in patients with AF. [6] [7] [8] [9] Evidence-based guidelines for stroke prevention in patients with AF recommend treatment with OACs for patients with moderate or high risk of stroke. 10 11 More than 95% of the cases in the USA are non-valvular atrial fibrillation (NVAF), defined as AF in the absence of mitral stenosis or valvular prostheses 12 and recent versions of the American College of Chest Physicians antithrombotic guidelines recommend OAC therapy for patients with NVAF at intermediate and high risk (CHADS 2 score of ≥2 or CHA2DS 2 -VASc score ≥2) of stroke. [11] [12] [13] [14] Warfarin, an oral vitamin K antagonist (VKA), had been the only OAC option for more than half a century. Studies have shown that warfarin was significantly underused, with only 38.8%-64.6% of patients with NVAF with CHADS 2 ≥2 using the medication despite guideline indications that it reduced the danger of stroke in patients with NVAF at moderate and high risks. [15] [16] [17] [18] Warfarin is associated with adverse food and drug interactions and requires frequent coagulation monitoring and dose adjustment, which may interfere with convenience and compliance in sustained, continued use. 19 Underutilisation has also been attributed to physicians' concerns with OAC-related bleeding. 20 Since 2010, four new non-VKA oral anticoagulants (NOAC), including dabigatran, rivaroxaban, apixaban and edoxaban, that have either comparable or reduced rates of major bleeding for use have been approved for stroke prevention in patients with NVAF. [21] [22] [23] [24] These medications have also been included in the recommendations of evidence-based guidelines to reduce the risk of stroke. 11 With the approval of four NOACs for stroke prevention in patients with NVAF, it is anticipated that a larger number of patients will receive treatment. However, there is limited supporting evidence. 25 Given the increasing AF population, appropriate treatment initiation coupled with persistence could help reduce the number of associated stroke events. Thus, this study seeks to understand current guideline-recommended treatment rates for OACs in real-world practice, and assess the baseline characteristics of newly diagnosed treated and untreated patients with NVAF. Noting the chronic nature of AF, and the importance of long-term treatment, 26 this study also aimed to evaluate persistence among patients receiving treatment.
MeThODS

Study design
Data source Data for this study were drawn from the HealthCore Integrated Research Database (HIRD SM ), a broad, clinically rich and geographically diverse repository of longitudinal claims data from Anthem health insurance plans in the Northeastern, South, Midwest and Western regions of the USA. The database has been shown to be generally representative of the US Census population in terms of age and gender, though under-represents patients aged 65 years and older. 27 The database consisted of claims information 28 to the first observed OAC fill date. The first observed fill date of any OAC during the patient identification period was defined as the index date. The OAC untreated cohort consisted of patients with no OAC pharmacy claim during the identification period but who had an AF diagnosis claim on or within 90 days prior to an iteratively simulated index date, which was computed using the average lag time between the first observed AF diagnosis and the first OAC pharmacy claim of corresponding treated patients. The first observed AF diagnosis date was used in the simulation to account for any regional, temporal and gender variation in treatment patterns. To this end, in the first iteration, treated and untreated patients with same region of residence, health plan type, commercial plan versus Medicare Advantage plan, calendar quarter and year of the first observed AF diagnosis, gender, age categories (18-64 years; 65-74 years; ≥75 years) and CHADS 2 score (CHADS 2 score <2; CHADS 2 score=2 or 3; CHADS 2 score >3) were categorised. For each category with ≥1 treated and ≥1 untreated patients, the average lag time between first AF diagnosis and OAC pharmacy claim for treated patients was applied Open access to the corresponding untreated patients. In the second iteration, region of residence at the first AF diagnosis was dropped and the steps of the first iteration were repeated.
Inclusion criteria
To be included in the study, patients were required to be continuously enrolled in a health plan for a minimum of 12 months prior the index date, and have continuous coverage for at least 12 months after the index date. In addition, to facilitate the simulation of the index date of the untreated patients, all patients were also required to be continuously enrolled in a health plan for a minimum of 12 months prior to the first observed AF diagnosis.
Exclusion criteria
Patients younger than 18 years on the index date were excluded from the study. Also excluded were patients with a diagnosis of hyperthyroidism 7 
Outcomes
The outcomes of interest in this study included the proportion of patients treated with OAC among newly diagnosed patients with NVAF for whom treatment was recommended (baseline CHADS 2 score ≥2) as well as stratified by baseline CHADS 2 score. The latest guidelines (2014), for the first time, recommend using CHA 2 DS 2 -VASc, 11 however prior guidelines recommended using CHADS 2 , to classify patients who should be treated with OAC. 29 Since this study used data before the 2014 guidelines were published, the adherence to evidence-based guidelines was evaluated using baseline CHADS 2 and was stratified by CHADS 2 score <2; CHADS 2 score=2 or 3; and CHADS 2 score >3. 29 Treatment persistence, a key outcome of interest, was calculated for the treated cohort. Patients were categorised as treated once they had a pharmacy claim for an OAC treatment, regardless of the specific medication (warfarin, dabigatran, rivaroxaban or apixaban). Treatment persistence was defined as the duration from the index date to discontinuation of OAC treatment. Patients who did not discontinue before the end of continuous enrolment, the end of the study observation period or death, whichever was earlier, were considered censored at the end of the follow-up period, and persistence was defined as the duration from the index date to the censored date. Patients were allowed to switch between OACs and still be considered persistent with therapy. For any NOAC segment of the treatment, discontinuation was defined as the failure to refill an OAC prescription within 30 days from the run-out date of the previous prescription for an OAC. Patients on warfarin have to adjust the dose frequently based on their international normalised ratio (INR) test results. Therefore, for any warfarin segment of treatment, discontinuation was determined similarly to the approach used by Go et al 30 and was based on a combination of prescription fills from pharmacy claims and indicators of INR measurements from the medical claims. Dates of service for CPT code 85 610 (prothrombin time/ INR) in the medical claims were used to identify INR tests. For any consecutive prescriptions with a gap of no more than 60 days, a patient was considered continually taking warfarin. For gaps longer than 60 days, the patient was considered continually taking warfarin if there were intervening INR tests at least every 42 days. If a patient did not have another INR test within 42 days after the previous INR test or end of the previous warfarin fill, the patient was considered discontinued from the warfarin segment of treatment. The discontinuation date was defined as the run-out date of the last warfarin fill or the last INR test date, whichever came later. A grace period of 30 days at the end of each warfarin fill was selected since changes in warfarin dosages were common. To examine the robustness of the findings, a sensitivity analysis using 45 days as a permissible gap for all OACs for the persistence measure was conducted in addition to the primary analysis.
Baseline characteristics
At the baseline, comorbidities were evaluated using the Deyo-Charlson Comorbidity Index (DCI) 31 and the Elixhauser Comorbidity Index (ECI). 32 Other specific comorbidities assessed at baseline included cardiovascular, renal, hepatic and gastrointestinal (GI) conditions and diabetes. Stroke risk was assessed for the preindex period using the CHADS 2 , 29 and bleeding risk was assessed using the HEMORR 2 HAGES. 17 Baseline use of cardiovascular and diabetes medications, non-oral anticoagulants, antiplatelets and medications that affect hepatic metabolism was also assessed.
Statistical analysis
All study outcomes were analysed descriptively. Means (±SD) and medians were reported for continuous variables, and frequencies (%) were reported for categorical variables. Statistical significance was assessed with the Student's t-test or Wilcoxon rank-sum test or Kruskal-Wallis test for continuous variables and Χ 2 test for categorical variables. The Marascuilo procedure was used Open access to test the treatment rates between the two groups based on CHADS 2 .
Patient involvement
No patients were directly involved in the development of the research question, selection of the outcome measures, design and implementation of the study, or interpretation of the results.
ReSulTS
Patient attrition
A total of 287 802 patients had at least one INP, OV or ED visit with diagnosis of AF during the patient identification period. Following the requirement of ≥2 diagnoses of AF in INP, OV or ED visits and applying the additional inclusion/exclusion criteria, a total of 89 875 patients with NVAF remained. Of those, 45 092 patients were classified as newly diagnosed and included in the analysis: CHADS 2 <2 were 17 053 (37.8%); CHADS 2 =2 or 3 were 22 060 (48.9%); and CHADS 2 >3 were 5979 (13.3%).
Treatment status
Of the newly diagnosed patients with NVAF, 41.1% were classified as treated, as shown in figure 1. Among patients recommended for treatment in accordance with evidence-based guidelines based on a baseline CHADS 2 score ≥2 (n=28 039), 42.0% were treated. The proportion of patients treated with OAC differed slightly by baseline risk for stroke (p<0.001): CHADS 2 <2=39.8%; CHADS 2 =2 or 3=42.4%; and CHADS 2 >3=40.3%. Marascuilo pairwise testing (at alpha=5%) showed that the proportions of patients treated with OAC were similar between CHADS 2 <2 and CHADS 2 >3 groups; statistically higher for CHADS 2 =2 or 3 relative to CHADS 2 <2 group; and statistically higher for CHADS 2 =2 or 3 relative to CHADS 2 >3.
Baseline characteristics Demographics
The treated patients were slightly younger than the untreated patients (treated vs untreated (mean±SD) 70±12.2 years vs 71±14.3 years (p<0.001)). Men accounted for over half in both cohorts, however, the percentage of women in the treated cohort was lower than in the untreated cohort (treated vs untreated: women 40% vs 48% (p<0.001)), as shown in table 1.
Comorbidities
The top three most frequently occurring comorbidities of interest, as shown in table 2, were hypertension (treated vs untreated: 80.9% vs 78.9% (p<0.001)), hyperlipidaemia (treated vs untreated: 65.9% vs 64.2% (p<0.001)) and coronary artery disease (treated vs untreated: 38.7% vs 40.9% (p<0.001)). Several comorbid conditions were significantly different between the treated and untreated groups, however, the numerical differences were small as with the most frequent conditions above. Differences in the prevalence of cardiovascular conditions were mixed between the treated and untreated groups. The treated group had more comorbid cerebrovascular disease than the untreated group, and in the treated group lower percentages of baseline renal, liver and GI disease (table 2) .
OAC-treated patients were more aggressively treated with all medications in general. The numerical differences in various medication use were much greater in magnitude than the differences in the prevalence of comorbidities between the groups, as shown in table 3. DCI of the untreated patients was higher than the treated group (treated vs untreated: 2.11±2.2 vs 2.26±2.5 (p<0.001)). Untreated patients with NVAF also had higher ECI (treated vs untreated: 4.67±2.6 vs 4.96±2.8 (p<0.001)) (table 2).
Stroke and bleeding risk
Treated patients had a slightly higher risk of stroke as measured by CHADS 2 score than patients in the untreated Figure 1 Proportion of patients with non-valvular atrial fibrillation (NVAF) treated with oral anticoagulation (OAC)-stratified by CHADS 2 score. Overall, a difference was observed in the proportion of patients with NVAF treated with OAC based on CHADS 2 score (p<0.001). Specifically, patients with NVAF with a CHADS 2 score=2 or 3 were treated with an OAC compared with patients with a CHADS 2 score of <2 or >3 (both p<0.05).
Open access group (treated vs untreated: 2.03±1.3 vs 1.98±1.4 (p<0.001)) and slightly lower risk of stroke as measured by CHA 2 DS 2 VASc score than patients in the untreated group (treated vs untreated: 3.34±1.9 vs 3.42±1.9 (p<0.001)). Untreated patients had higher HEMORR 2 HAGES Bleeding Risk Score (treated vs untreated: 2.55±1.8 vs 2.80±1.9 (p<0.001)) as shown in table 2. For both treated and untreated patients, those in higher CHADS 2 score categories also had higher HEMORR 2 HAGES scores as shown in figure 2.
Treatment type and physician specialty Among the treated cohort, 37.3% of patients were initially (OAC prescription on the index date) prescribed an OAC by a cardiologist, followed by primary care physicians for 32.5% of the patients. For a majority of patients, index OAC was warfarin (60.1%), followed by dabigatran (23.8%), rivaroxaban (14.2%) and apixaban (2.0%) as shown in table 3.
Medication persistence among the treated patients Patients were followed for an average of 2.25 years (2.25±0.85 (median=2.11 years)). During the follow-up, 72.7% of patients discontinued OAC treatment. Mean time to discontinuation was 255±249 days. Nearly one-fourth (23.1%) of patients discontinued within 3 months, and more than half (54.7%) did within 12 months, as shown in figure 3 . The sensitivity analysis using a 45-day permissible gap also showed similar results.
DISCuSSIOn
This study found that nearly 60% of newly diagnosed patients with NVAF recommended for treatment with OAC by evidence-based guidelines remained untreated an average of over 2 years after their diagnosis. Additionally, more than half of the patients initiating OAC treatment discontinued their treatment within the first year of treatment. 
Open access
Warfarin had been the only oral anticoagulant option indicated for NVAF for several decades. Since 2010, however, several new NOACs were approved for use by patients with NVAF for stroke prevention. In addition to comparable or superior prevention of stroke and comparable or reduced risk of major bleeding, 7-9 the new medications offered advantages versus warfarin that included ease of use, no requirement for routine coagulation monitoring and minimised food-drug and drug-drug interactions. 10 22 33 34 Despite comparatively more beneficial profiles of the newer OACs relative to warfarin, this study found that 59% of newly diagnosed patients with NVAF did not receive any OAC treatment for more than 2 years (average 27 months) following their diagnosis. Among newly diagnosed patients with NVAF who were recommended OAC treatment for stroke prevention, in keeping with evidencebased guidelines (baseline CHADS 2 score ≥2), more than half (58%) remained untreated. Although the introduction of NOACs increased expectations of treatment rate improvement among patients with NVAF, our results indicated similar rates to those of studies conducted before the availability of NOACs. [15] [16] [17] [18] Warfarin was the dominant medication among newly diagnosed and treated patients even though approval of the first NOAC predated the start of our patient identification period. A combination of residual inconvenience with warfarin treatment along with a history of patient non-adherence, however, might have influenced OAC underprescribing by providers. 35 However, an apparent NOAC advantage could well limit the use of warfarin. Although the laboratory monitoring required with warfarin is largely eliminated with NOACs, patients and providers express concerns about their long-term use in the absence of regular healthcare encounters as required due to warfarin laboratory monitoring. 13 35 In this study, no consistent relationship was found between treatment rate and baseline CHADS 2 score. A higher risk of stroke would imply a greater need for treatment, however highest risk for stroke category did not have the highest treatment rate. Additionally, this study also found that for both treated and untreated patients, those in the higher CHADS 2 score category also had a higher average HEMORR 2 HAGES score, suggesting that a higher risk of stroke was also associated with a higher risk of bleeding. This could complicate treatment decisions as both factors weigh heavily in treatment decision-making. A physician survey study indicated that concern about OAC-related bleeding in patients with NVAF factored strongly in decisions to not prescribe OACs. 20 The index OAC exposure, n (%) Apixaban 361 2.00%
Continued
Open access
We found that a larger proportion of patients in the treated cohort had baseline cerebrovascular disease. Also, patients in the treated cohort were more likely to receive medication for other comorbid conditions at baseline. The potential for drug-drug interactions among such patients presents important challenges for continued treatment with warfarin, and may drive medication discontinuation.
Acknowledging the value of treatment continuation in chronic conditions, 26 our analysis of treatment persistence found that among patients receiving OACs, the majority of the patients initiated treatment on warfarin (60.1%). Among these patients initiating any OAC treatment, 55% discontinued their medication within 1 year, and nearly 25% within 3 months. While this result is consistent with prior findings, many earlier studies analysed medication include internal medicine, family/general practice; others include pulmonary medicine, haematology, geriatrics, surgery (all types, including vascular surgery), neurology, emergency medicine, other physician types, other non-physician specialty; for the index provider specialty, the specialty is based on the provider whom patients have seen within 90 days prior to/on the index date; if multiple providers, the hierarchy is applied as follows: cardiology, primary care physicians, others.
¶The index prescriber specialty is only available for the treated cohort. **The follow-up period is from the index date, for a minimum of 12 months and until the end of the study period, disenrolment or death, whichever occurs first. OAC, oral anticoagulation. Open access persistence by individual drug, typically reporting higher discontinuation rates for warfarin relative to the NOACs. 36 37 Our results may be considered even more concerning as we did not consider switching between OACs to be a discontinuation event. The undertreatment and low persistence may, in part, be linked to the economics of the healthcare system. The average out-ofpocket cost of NOACs was nearly fivefold higher than for warfarin. 38 Additionally, the major side effect of OAC use is bleeding; access to reversal agents for the OACs may be beneficial and lack of these for some NOACs may deter some physicians from prescribing them.
The reasons underlying high undertreatment rates could be linked to the treatment decision process between physicians and patients. Physicians' attitudes, accessibility and use of evidence-based guidelines likely influence how disease is managed in patients with NVAF. In fact, evidence-based guidelines recommend the use of OACs but do not emphasise long-term treatment persistence. 39 Additionally, physicians' perceptions of patient anticoagulation adherence, barriers and challenges of NVAF management may contribute to low treatment rates. Similarly, understanding patients' perspectives on barriers associated with disease management and OAC treatment, including medication adherence/persistence and reasons for change of therapy (discontinuation/switching) and their OAC treatment experience will likely shed light on the suboptimal treatment and persistence rates observed in this study. One recent study highlighted how the physician and patient preference would influence the selection of OAC. 34 Insights into physician and patient's perceptions are key to implementing interventions that could maximise the utility of OACs in the NVAF population.
limitations These results should be assessed within the context that the secondary data used in this study were repurposed for research from their original transactional role. As a result, these administrative claims data do not have information on over-the-counter medications (ie, low-dose aspirin), which could have been purchased independently by patients, and may have overestimated the number of untreated patients due to unobservable low-dose aspirin use. Other important clinical information, such as disease severity and reasons of not starting treatment or discontinuation of treatment, is not available from the data source. Similar to any other studies using administrative data, identification of AF using ICD-9-CM diagnosis code might have included false positives. A previously published systematic review showed the positive predicted value of ICD-9 427.31 ranges from 70% to 96% (median 89%). 28 In addition, the requirement of two or more AF diagnosis on different dates in this study would minimise chances of false positives. Also, the presence of a claim for a filled prescription does not indicate that the medication was consumed. In addition, the study results may not be generalisable to the overall population, as patients who have commercial health insurance/Medicare Advantage may have different healthcare considerations from those with other types of health insurance or are uninsured. The results and implications may not be generalisable to other countries as well, as other countries may have different drug coverage and/or different cost-sharing structure.
COnCluSIOn
This study found that nearly 60% of patients with NVAF recommended for OAC treatment for stroke prevention per evidence-based guidelines were not receiving treatment. Additionally, among the treated cohort, more than a half of the patients discontinued their treatment within 1 year. As the risk of stroke increased, the risk of bleeding increased as well, suggesting that bleeding risk may be a critical component in OAC treatment decision and may have contributed to lower treatment rates. The initiation and persistence with OAC therapy among newly diagnosed patients with NVAF in this real-world population appear to face challenges. Future research is important to better understand the drivers of low OAC initiation and persistence to optimise the potential benefits of OACs in stroke prevention among the increasing population of patients with NVAF.
